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SYSTEM TESTING DEVICE AND METHOD 
USING JTAG CIRCUIT FOR TESTING HIGH- 
PACKAGE DENSITY PRINTED CIRCUIT 
BOARDS 

This application is a continuation, of application Sex. No. 
08/395,973, filed Feb. 28, 1995, now abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a system testing device 
and method using a JTAG circuit for use in testing a 
high-package-density printed circuit board. 

2. Description of the Related Art 

Large scale integrated circuit (LSI) has been widely 
adopted lately, and more complicated circuits have success- 
fully been mounted to a smaller chip-size LSI unit. 
Additionally, improved surface packaging technologies of 
printed circuit boards have enabled a larger number of chips 
to be mounted on printed circuit boards. As a result, small- 
sized high performance systems can be easily introduced, 
while it becomes more difficult to conduct a proper test on 
each LSI on a printed circuit board. 

A test mechanism to be incorporated into the LSI is 
defined in the board test method of the trkf Standard 
1149.1 introduced by the Joint Test Action Group 
(hereinafter referred to as JTAG for short). Described below 
is the boundary scan architecture (hereinafter referred to as 
a JTAG circuit for short) proposed by the JTAG. 

FIG. I shows the configuration of the conventional JTAG 
circuit The JTAG circuit comprises as the smallest configu- 
ration a test access port (hereinafter referred to as a TAP for 
short), a TAP controller 107, a scannable instruction register 
104. a series of scannable boundary scan register 101 and 
bypass register 102. multiplexers 105 and 106 for selecting 
data output from the registers and outputting them, and a 
data register selector 103 for selecting either the boundary 
scan register 101 or the bypass register 102. 

A TAP signal can be entered by a test clock input (TCK). 
a test mode selection input (TMS). a test data input (TDI), 
a test data output (TDO), and a test reset input (TOST) to 
initialize a test logic 

The logic of a JTAG circuit in an LSI is defined as a test 
logic, and the logic of a circuit other than the JTAG circuit 
in the LSI is defined as a system logic. 

The boundary scan register 101 is mounted with a stage 
of shift register connected to each terminal of a test LSI to 
capture and store a signal reaching the terminal of the LSI 
on the principle of a scan test. 

The bypass register 102 comprises a stage of shift register 
and enables an input from the test data input TDI to be 
bypassed to the test data output TDO. Accordingly, the 
bypass register 102 is used when data are bypassed from a 
JTAG circuit to another JTAG circuit. 

The TAP controller 107 shifts data to the instruction 
register 104. the boundary scan register 101. or the bypass 
register 102 using the test mode selection input TMS and test 
clock input TCK. The data written to the instruction register 
104 are input to the data register selector 103 to select either 
the boundary scan register 101 or the bypass register 102 and 
perform a boundary scanning operation or a bypassing 
operation. Then, output is an output signal of a register 
selected by the multiplexer 1 105 (MUX 1). The multiplexer 
2 106 (MUX 2) selects and outputs an output signal from the 
instruction register 104. boundary scan register 101. or 
bypass register 102. 
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FIG. 2 shows the state transition of a test logic. The state 
transition of the test logic is controlled by the TAP controller 
107 to realize various test states. The TAP controller 107 is 
controlled by the test mode selection input TMS. test clock 
5 input TCK. and test reset input TRST in the test access port 
TAP. 

A TEST-LOGIC-RESET state (S101) is entered immedi- 
ately after the TAP controller 107 has been initialized. In this 
state, a test logic is not applicable and a system logic can be 

10 normally operated. 

A state is shifted to another state according to the state of 
the test mode selection input TMS at the rise of the test clock 
input TCK. For example, if the test clock input TCK rises in 
the TEST-LOGIC-RESET state (S101) and the test mode 

15 selection input TMS is 0. then the state is shifted to a 
RUN-TEST/IDLE state (S102). If the test mode selection 
input TMS is 1, then the TEST-LOGIC-RESET state (S101) 
remains unchanged. 

^ The RUN-TEST/IDLE state (S102) is a basic state of a 
test in process, and indicates the start of a scanning operation 
or the intermediate state of the scanning operation. 

If the state is shifted to a SELECT-DR-SCAN state 
(S103). then the scanning sequence is initialized. 

25 According to the state of the test mode selection input 
TMS, entered is a CAPTURE-DR state (Sill) or a 
SELECT-IR-SCAN state (S104). Described below is the 
transition to the SELECT-IR-SCAN state (S104). If the 
SELECT-IR-SCAN state (S104) is entered, the scanning 

30 sequence of the instruction register 104 is initialized. 

If the state is shifted to a CAPTURE- IR state (S 105). then 
a fixed pattern is fetched to a shift register in the instruction 
register 104. The fixed pattern is the 2 lowest bits set to a 
binary code 01. and can contain specific designing in forma - 

35 tion. The contents of the instruction register 104 can be read 
through the test data output TDO while the shifting opera- 
tion is being performed. 

If the state is shifted to a SHIFT-IR state (S106), then the 
shift register in the instruction register 104 is connected to 

40 the test data input TDI and the test data output TDO. Each 
time the test clock input TCK rises when the test mode 
selection input TMS is 0, then data are shifted to the test data 
output TDO. If the instruction register 104 is an 8 bit 
register, a predetermined instruction can be written to the 

43 instruction register 104 by repeating the shifting operations 
8 times. The contents of the instruction register 104 can be 
read by reading the test data output TDO while repeating the 
shifting operations. 

When the shifting operation is to be terminated, the state 
is shifted to an EXTTl-IR state (S107). This state is then 
shifted to a state of either terminating a scanning operation 
or suspending a shifting operation of the instruction register 
104. The state is shifted to a PAUSE-IR state (S108) if the 

55 test mode selection Input TMS is set to 0 and the test clock 
input TCK rises. If the test mode selection input TMS is set 
to 1 and the test clock input TCK is initialized, then the state 
is shifted to an UPDATE-IR state (S110). 

If the state is shifted to the PAUSE-IR state (S108). then 

60 suspended is the shifting operation of the instruction register 
104 in the serial path between the test data input TDI and the 
test data output TDO. This state is utilized when a new 
pattern is loaded from the external storage unit to a memory 
in the test mechanism. 

65 If the test mode selection input TMS is set to 1 and the test 
clock input TCK rises, then the state is shifted to an 
EXTT2-IR state (S109). When the scanning operation is 
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required, the state is shifted to the SHIFT-IR state (S106) to 
perform the shifting operation. When the scanning operation 
is to be terminated, the state is shifted to the UPDATE-IR 
state (S110). 

If the state is shifted to the UPDATE-IR state (S110). a 3 
new instruction shifted to the shift register is latched and 
output in parallel. When the latch is completed, the instruc- 
tion is followed. For example, when a bypass instruction is 
loaded in the instruction register 104, then the bypass 
register 102 is selected and a bypassing operation is per- to 
formed through the shift by the bypass register 102. 

S103 and S1U-S116 shown in the figure of the state 
transitions show the scanning operations in the boundary 
scan register 101 or the bypass register 102. Compared with 
the scanning operation in the instruction register 104. object 15 
registers are the boundary scan register 101 or the bypass 
register 102 and the number of the shifts of the scanning 
operations depends on the selection of the boundary scan 
register 101 or the bypass register 102. However, the scan- 
ning operations of these registers arc generally similar, and 20 
therefore the detailed explanation of the operation of the 
boundary scan register 101 or the bypass register 102 is 
omitted here. 

FIG. 3 shows the general configuration in checking the 
body of the conventional device. A service processor 201 
(SVP) is connected to an interface circuit 202 (SCI) and 
issues a control command to control the registers of each of 
printed circuit boards 20M-203-ra, write data to a memory, 
read data from the memory, etc. The service processor 201 ^ 
also controls the JTAG circuit in each printed circuit board. 
The SCI 202 and each printed circuit board in the body of 
the device are connected through a test access port TAP for 
controlling the JTAG circuit and a command bus for trans- 
mitting the control command and control data, etc. ^ 

The test data output TOO of the JTAG circuit in the LSI 
mounted to each printed circuit board is connected to the test 
data input TDI of the JTAG circuit in another LSI of the 
same printed circuit board (not shown in the attached 
drawings). Thus formed is a large scan chain connecting ^ 
each LSI on a printed circuit board, and ail LSIs on the 
printed circuit board can be tested by controlling the 5 TAP 
signals from the interface circuit SQ 202. 

In the procedure of testing each printed circuit board of 
the body of the device, the SVP 201 first issues to each 45 
printed circuit board a command to set a register, a memory, 
etc. in the LSI mounted to the printed circuit board through 
the command bus. A command control unit in the LSI (not 
shown in the attached drawings) analyzes a command, 
executes it by referring to the data transmitted from the SVP ^ 
201. and sets circuits of, for example, the registers in the LSI 
to operate the circuits. 

Then, the JTAG circuit is controlled according to the 
above described state transition, and the boundary scan 
register 101 is selected for an LSI to be tested. The bypass 55 
register 102 is selected for an LSI not to be tested. Then, the 
state of each circuit in the LSI can be scanned through a 
scanning operation. 

Furthermore, the state of a register in an LSI or the data 
in a memory can also be obtained by reading data via the 60 
command bus during the test 

In the conventional test devices, the connections between 
the SCI 202 and each of the printed circuit boards 203- 
1-203-m requires the connection of the test access port TAP 
and the command bus for each printed circuit board, and 65 
therefore greatly increases the number of connection lines as 
the number of printed circuit board increases. 
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The SCI 202 also requires a JTAG scanning interface 
circuit for controlling the JTAG circuit and a command 
interface circuit for issuing a command. Therefore, the SCI 
202 must be equipped with the JTAG scanning interface 
circuit and the command interface circuit for each printed 
circuit board to be tested, and the circuit scale of the SCI 202 
possibly becomes very large each time the number of printed 
circuit boards to be tested increases. 

Summary of the Invention 

The present invention aims at using a JTAG circuit to 
reduce the scale of the circuit of a test device and the number 
of connection lines used to connect a test device to a printed 
circuit board to be tested when a high package-density 
printed circuit board is tested. 

The present invention comprises a JTAG circuit compris- 
ing as data registers a boundary scan register, a bypass 
register, a JTAG instruction storage unit for storing a com- 
mand to control a system logic circuit, and a JTAG data 
storage unit for storing data used to control the system logic 
circuit; a command analyzing unit for analyzing a command 
output by the JTAG instruction storage unit; and an execut- 
ing unit for performing a process according to the analysis 
result from the command analyzing unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the configuration of a conventional JTAG 
circuit; 

FIG. 2 shows the state transition of a test logic in a 
conventional device; and 

FIG. 3 shows a general configuration of a conventional 
device designed to test a body of a device; 

FIG. 4 is a block diagram showing the principle of the 
present invention; 

FIG. 5 is a block diagram showing the principle of the 
present invention; 

FIG. 6 shows the general configuration of an embodiment 
of the present invention. 

FIG. 7 shows the connection between respective LSI at 
each printed circuit board of the embodiment shown in FIG. 
6 according to the present invention; 

FIG. 8 shows an embodiment of a JTAG circuit according 
to the present invention; 

FIG. 9 shows an example of a test portion of a system 
logic circuit executed by an executing unit of FIG. 7 
according to the present invention; 

FIG. 10 shows state transitions detected when a command 
and data are set in the JIR and JDR respectively of FIG. 8 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 
FIGS. 4 and 5 are block diagrams showing the principle 
of the present invention. 

A data register comprises a boundary scan register 301 for 
capturing and storing a signal reaching each terminal of an 
LSI to be tested, a bypass register 302 for bypassing a signal 
to another LSL a JTAG instruction storage unit 303 for 
storing a command to control a system logic circuit, and a 
JTAG data storage unit 304 for storing data to control the 
system logic circuit. In an ernbodirnent of the present 
invention, each data register comprises a shift register, or a 
shift register and a latch circuit. The JTAG instruction 
storage unit 303 is explained as a JTAG instruction register 
and the JTAG data storage unit 304 is explained as a JTAG 
data register. 
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A data register selecting unit 305 selects one register from 
the above described data registers, comprises a decoder 
circuit, and is explained as a data register selector in an 
embodiment of the present invention. 

A switching unit 1 306 switches each output of the data 5 
register according to an instruction of the data register 
selecting unit 305. comprises a multiplexer, and is explained 
as an MUX 3 in an embodiment of the present invention. 

An instruction register 307 shifts and latches serial data, 
and outputs them to the data register selecting unit 305 as 10 
parallel data, and comprises a shift register, or a shift register 
and a latch circuit. 

A switching unit 2 308 switches outputs between the 
switching unit 1 306 and the instruction register 307. com- 
prises a multiplexer, and is explained as an MUX 4 in an 15 
embodiment of the present invention. 

A TAP controller 309 controls the data register, the data 
register selecting unit 305. the switching unit 1 306, the 
instruction register 307. and the switching unit 2 308. ^ 

A command analyzing unit 401 analyzes the contents of 
a command output by the JTAG instruction storage unit 303. 

An executing unit 402 performs a process according to an 
analysis result obtained by the command analyzing unit 401. 

The principle of the operations of the present invention is 25 
explained by referring to FIGS. 4 and 5. 

The TAP controller 309 is controlled according to a signal 
from the interface circuit (SCI). The TAP controller 309 
selects a register, storage unit, and instruction register, and 
shifts and latches data for the selected registers or storage 30 
units. 

If the TAP controller 309 selects the instruction register 
307. then an instruction is shifted and latched in the instruc- 
tion register 307 through a shifting operation, and then 
transferred to the data register selecting unit 305. The data 35 
register selecting unit 305 selects one data register according 
to the transferred instruction, and the data register shifting 
operation is performed for the selected register or the storage 
unit. 

40 

If the TAP controller 309 selects the boundary scan 
register 301. then a signal of each terminal of an LSI is 
latched and shifted in the boundary scan register 301. 
thereby enabling the signal of each terminal to be scanned. 

If the TAP controller 309 selects the bypass register 302. 45 
then input data are output as output data directly, thereby 
enabling the data signal to be bypassed to an external unit 

If the TAP controller 309 selects the JTAG instruction 
storage unit 303. a command is written to the JTAG instruc- 
tion storage unit 303 through a shifting operation, and the 50 
written command is transferred to the command analyzing 
unit 401 in the command control unit The command ana- 
lyzing unit 401 analyzes the transferred command and 
transfers the analysis result to the executing unit 402. 

If the command requests a write to registers 403-1-403-L 55 
in a system logic circuit then the TAP controller 309 selects 
the JTAG data storage unit 304 by the TAP controller 309. 
and data are written to the JTAG data storage unit 304 
through a shifting operation. The written data are transferred 
to the executing unit 402 in the command control unit. The 60 
transferred data are written to a predetermined register in a 
system logic circuit according to the analysis result 

If the command requests a read of data from the registers 
4#3-l-403-L in the system logic circuit, then the executing 
unit 402 transfers the data from the register in the system 65 
logic circuit to the JTAG data storage unit 304. The TAP 
controller 309 shifts and reads the data in the JTAG data 
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storage unit 304. thereby reading the state of the register in 
the system logic circuit. 

The switching unit 1 306 selects and outputs an output of 
a register or a storage unit selected in a data register when 
the data register performs a shifting operation. 

When the switching unit 2 308 performs a shirting 
operation, it selects and outputs an output of either a data 
register or an instruction register. 

FIG. 6 is a block diagram showing the principle of the 
present invention and the general configuration of an 
embodiment of the present invention. A service processor 
501 (SVP) is connected to an interface circuit 502 (SCI) and 
controls the JTAG circuit on each printed circuit board of the 
body of the device. The SCI 502 is connected to each of 
printed circuit boards 503-1-503-m in the body of the device 
through only 5 test access ports TAP (test clock input TCK. 
test mode selection input TMS, test data input TDI. test data 
output TOO. and test reset input TRST). An instruction from 
the SVP 501 is received at the SCI 502. and output after 
converting into a TAP signal, that is. a signal for use in 
controlling the JTAG circuit in the SCI 502. 

The printed circuit boards 1-m in the body of the device 
are equipped with LSIs, and the LSIs contain test circuits for 
the LSIs. The test circuit comprises a storage unit 504. a 
control unit 505. and a command control circuit 506. The 
control unit 505 controls the input of a command transferred 
according to a TAP signal from the SCI 502. and stores the 
command in a storage unit 504. When the control unit 505 
finishes storing the command in the storage unit 504. it 
transfers the command to a command control circuit 506. 
The command control circuit 506 analyzes the received 
command, controls a system logic circuit in the LSL and 
performs an operation specified by the command. 

FIG. 7 shows the connection of an LSI on each printed 
circuit board. LSI 1-LSI n are equipped with system logic 
circuits for performing an operation of a normal system 
logic and circuits for test use only. Each LSI equipped on the 
printed circuit board shown in FIG. 7 has only the circuits 
for test use only, that is. JTAG circuits 601-1-601-n and 
command control units 602- 1-602- n for analyzing and 
executing commands. System logic circuits for perfecming 
normal operations are omitted. 

Command control units 602- 1-602- n comprise command 
analyzing units 603-1-603-0 for analyzing a command 
transferred from the JTAG circuit and executing units 604- 
1-604-n for performing a process according to the analysis 
result of the command analyzing units 603-1-603-n. During 
the test, the executing units 604-1-604-n directly set data in 
the register of a system logic circuit for perfc»rming a normal 
operation and directly read data from the register, thereby 
setting in the register those data that cannot be set in a 
normal operation of the system or reading data in a circuit 
which cannot be read in a normal operation. The detailed 
explanation of these operations are given later. 

The JTAG circuit of the LSI 1 receives the test data input 
TDI from the SCI 502. The test data output TOO of the 
JTAG circuit of the LSI 1 is connected to the test data input 
TDI of the JTAG circuit of the LSI 2. Likewise, the test data 
output TOO in the LSI is connected to the test data input TDI 
of the LSI of the next stage, and the test data output TDO of 
the last LSIn is connected to the test data output TDO to the 
SCI 502. Accordingly, the test data input TDI from the 
interface circuit SCI 502 is returned to the test data output 
TDO of the interface circuit SCI 502 through the LSI 1-LSI 
n. thus forming a large scan chain. 

FIG. 8 shows an embodiment of the JTAG circuit of the 
present invention. The JTAG circuit comprises a test access 
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port (TAP), a TAP controller 709, a scannablc instruction 
register 707, a series of scannable data registers 701-704. 
rauJtipJexers 706 and 708 for selecting data output from the 
registers and outpuning them, and a data register selector 
705 for selecting a register in the data registers. 

A TAP signal can be configured with a test clock input 
(TCK). a test mode selection input (TMS). a test data input 
(TDI). a test data output (TDO). and a test reset input (TRST) 
to initialize a test logic. 

The TAP controller 709 enters data in the instruction 
register 707 or a data register, or shifts the data using the test 
mode selection input TMS and the test clock input TCK. If 
the instruction register 707 is selected, the input signals from 
the test data input TDI are sequentially shifted to the 
instruction register 707. When instructions are properly set. 
the data written to the instruction register 707 are entered in 
the data register selector 705. and one register in the data 
registers is selected. 

A data register comprises a boundary scan register 701. a 
bypass register 702, a JTAG command register 703 (J1R) for 
storing a command to control a system logic circuit, and a 
JTAG data register 704 (JDR) for controlling the system 
logic circuit. 

The JIR 703 comprises a shift register or a shift register 
and a latch circuit, and sequentially receives input data as 
being shifted from the test data input TDt If a predetermined 
command is set in the JIR 703. then the command in the JIR 
703 is transferred to the command analyzing unit 603 in a 
command control unit and the command is analyzed in the 
command analyzing unit 603. 

The JDR 704 also comprises a shift register, or a shift 
register and a latch circuit. If data are written to the JDR 704. 
then input data from the test data input TDI are sequentially 
shifted and entered. If predetermined data are set in the JDR 
704. the data in the JDR 704 are transferred to the executing 
unit 604 in the command control unit and using the data a 
process is performed based on the analysis result in the 
command analyzing unit 603. For example, data can be set 
in a register of a system logic circuit for perf orming a normal 
operation, a specific value can be set in a counter, and only 
a specific circuit can be reset 

Data can also be read from a system logic circuit per- 
forming a normal operation. For example, transferred to the 
JDR 504 are the data stored in the register of the system 
logic circuit performing a normal operation. Then, the 
contents of the JDR 704 is sequentially shifted, and output 
data from the test data output TDO are read so that the state 
of the system logic circuit performing a normal operation 
can be read. Therefore, if data are ready to be transferred to 
the JDR 704 from a circuit to be tested, then the state of any 
portion can be read. 

FIG. 9 shows an example of a test portion in a system 
logic circuit 

An 8-bit register 801 (comprising 8-bit F/F) is a circuit in 
a system logic circuit Input signals DO-D7 and a CK of the 
register S01 are connected to other circuits in the system 
logic circuit Data are to be written through a JTAG circuit 
to test other circuits in the system logic circuit connected to 
the register 801. Selectors SELs 0-8 (802-810) are circuits 
added to switch signals from other circuits and the executing 
unit 604. When normal system logic circuits are operated, 
signals from other circuits in the system logic circuit are 
selected by the selectors SELs 0-8. If a data write operation 
to the register 801 is analyzed by the command analyzing 
unit 603 when a test is conducted, then signals from the 
executing unit 604 are selected. 
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If a data write operation to the register 801 is analyzed by 
the command analyzing unit 603 during a test then the 
contents of the JDR 704 are input to the input signals 
DO-D7 of the register 801 through the selectors SELs 0-7. 

5 A control signal from the TAP controller 709 is converted by 
the executing unit 604 into a timing signal used in writing 
data to the register 801 and input to the CK of the register 
801. and test data are set in the register 801. Then, a 
predetermined test can be conducted on a circuit portion 

1Q associated with the register 801 by operating the system 
logic circuit 

If the contents of the register 801 are read during the test 
then outputs Q<*-Q7 of the register 801 are output to the JDR 
704 through the executing unit 604 and latched by the JDR 
704 according to a control signal from the TAP controller 

15 709. The SVP 501 reads the contents of the register 801 by 
reading the test data output TDO through the interface 
circuit SCI 502 while performing a shifting process in the 
JDR 704. thereby reading the contents of the register 801. 
The state transition detected when a command and data 

20 are set in the JIR 703 and JDR 704 respectively is described 
below by referring to FIGS. 10 and 2. 

FIG. 2 shows the state transition detected when data are 
set in the instruction register 707 and the data registers of the 
JTAG circuit as described in die explanation of the related 

25 arts. The state changes depending on the state of the test 
mode selection input TMS at the rise of the test clock TCK. 
The TEST-LOGIC-RESET state is entered immediately 
after the initialization of the TAP controller 709. 

FIG. 10 shows the state transition detected when data are 
set in the JDR 704 after setting a command in the JIR 703. 
The state transition shown in FIG. 10 shows the state 
transition chart indicating the transitions of states in a time 
series. S204-S212 indicate the state transitions detected 

35 when a JIR SET instruction is set in the instruction register 
707. The JIR SET instruction selects the JIR 703 in the data 
register, and connects the JIR 703 between the test data input 
TDI and the test data output TDO. First raising the test 
clock input TCK by setting the test mode selection input 

^ TMS to 0 changes from the TEST-LOGIC-RESET state 
(S201) to the RUN-TEST/IDLE state (S202). This state is 
the basic state during a test and indicates that a test state is 
entered from the normal state of the system logic. Hereafter, 
it is assumed that the stale transition is made when the test 

45 mode selection input TMS is entered at the rise of the test 
clock input TCK. 

The RUN-TEST/IDLE state (S202) is shifted to the 
SELECT-IR-SCAN state (S204) through the SELECT-DR- 
SCAN state (S203). At this time, the scan sequence of the 

50 instruction register 707 is initialized. 

When the CAFTURE-IR state (S205) is entered, a fixed 
pattern is stored in a shift register in the instruction register 
707. However, the fixed pattern is not used in this embodi- 
ment 

55 If the SHIFT-IR state (S206) is entered, the shift register 
in the instruction register 707 is connected between the test 
data input TDI and the test data output TDO. and data are 
shifted to the test data output TDO. Since the instruction 
register 707 Is an 8-bit register, eight continuous shifting 

60 processes set an instruction in the instruction register 707. If 
the shifting operations are suspended, the PAUSE-IR state 
(S208) is entered after the EXTTl-IR state (S207). If the 
shifting operations are not suspended, then the UPDATE-IR 
state (S212) is entered when a predetermined shirting opera- 

6 tion is completed after the EXTTl-IR state (S207). 

The PAUSE-IR state (S208) is entered when, for example, 
a memory in a test mechanism is loaded with a new pattern. 
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If a shifting operation is resumed after a pause state, then the 
UPDATE-IR state (S212) is entered after the EXTT2-IR state 
(S209). the SHIFT-IR state (S210) again, the remaining 
shirting operations, and then the EXTT1-IR state (S211). 

If the IJPDATEJR state (S212) is entered, then a new 
instruction obtained by the shifting operation is loaded to the 
instruction register 707 and latched therein. The latched 
instructions are output in parallel and input to the data 
register selector 705. 

After the above described operation, a JIR set instruction 
is set in the instruction register 707 and the JIR 703 in the 
data register is selected. Then, the JIR 703 is connected 
between the test data input TDI and the test data output 
TOO. 

S214-S222 indicate the state transitions detected when a 
command is set in the selected JIR 703. S214-^S222 indicate 
the same states detected when an instruction is set in the 
instruction register 507 in S204 -S212. Detailed explanation 
of states S214-S222 is omitted here because only differ- 
ences are that data are input from the test data input TDI in 
the JIR 703 and that the shifting operations are repeated for 
each stage of the shift registers. 

When the UPDATE- DR state (S222) is entered, then a 
command is set in the JIR 703 and transmitted to the 
command analyzing unit 603 in the command control unit 
for analyzing the command. If the command is data read 
operation from a normal system logic circuit, then the state 
is transmitted to the JDR 704 in the data register. On the 
other hand if a state is to be set in a normal system logic 
circuit, then the command is executed after data are set in the 
JDR 704 by the shifting operation explained below. 

S225-S233 indicate the state transitions detected when a 
JDR SET instruction is set in the instruction register 707. 
The JDR SET instruction selects the JDR 704 in the data 
register and connects the JDR 704 between the test data 
input TDI and the test data output TDC. Detailed explana- 
tion is omitted here because only difference between the 
states in S225-S233 and in S204-S212 is that a JIR SET is 
set in the instruction register in S225-S233. 

When the UPDATE-IR state (S233) is entered, a JDR SET 
instruction is loaded to the instruction register 707 and 
latched therein. The latched instructions are output in par- 
allel and input to the data register selector 705. Then, the 
JDR 704 is selected in the data register and connected 
between the test data input TDI and the test data output 
TDO. 

S235-S243 indicate the state transitions detected when 
data are set by a shifting operation performed by the JDR 
704 or data are transferred to the JDR 704 from a system 
logic circuit and then read by a shifting operation. Described 
below is the stale transition detected when data are set in the 
JDR 704 and then written to a predetermined circuit in the 
system logic circuit. 

If the CAFTURE-DR state (S236) is entered after the 
SELECT- DR-SCAN state (S235), then data are loaded in 
parallel in the JDR 704. However, if data are loaded in the 
selected JDR 704 through a shifting operation, then the 
loading operation is not significant at all. 

If the SHIFT-DR state (S237) is entered the JDR 704 is 
connected between the test data input TDI and the test data 
output TDO. A piece of data are shifted toward the test data 
output TDO each time the test clock input TCK rises, and the 
shifting operation is repeatedly performed for each stage of 
the shift registers in the JDR 704. 

If the shifting operation should be suspended it can be 
suspended by entering the PAUSE-DR state (S239) after the 
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EXIT-DR state (S238) and other processes are performed 
during the suspension of the shifting operation. If the 
shifting operation is resumed, it is operated by entering the 
SHIFT-DR STATE (S241) again after the EXIT2-DR state 
5 (S240). 

After the completion of the shifting operation, the 
UPDATE-DR state (S243) is entered after the EXTT1DR 
state. When the UPDATE-DR state is entered, the data 
shifted to the JDR 704 are transferred to the executing unit 
10 604. In the command control unit, the data transferred from 
the JDR 704 are written to a predetermined circuit of the 
system logic circuit according to the analysis result of a 
command. 

Then, described below are the state in the system logic 
15 circuit transferred to the JDR 704 and the state transferred 
and read 

If the CAPTURE-DR state (S236) is entered after me 
SELECT- DR-SCAN state (S235). then data are loaded in 

20 parallel in the JDR 704. At this time, the loaded data indicate 
the state of a signal of a circuit, for example, a register in the 
system logic circuit specified by a command. 

When the SHIFT-DR state (S237) is entered, the JDR 704 
is connected between the test data input TDI and the test data 

2s output TDO. and data are shifted toward the test data output 
TDO piece by piece each time the test dock input TCK rises. 
Thus, the shirting operation is performed for each stage of 
the shift registers. Accordingly, the state of the system logic 
circuit can be recognized if the test data output TDO is read 

30 each time data are shifted. The detailed explanation of the 
subsequent state transitions S238-S243 is omitted here 
because they are the same as the states detected when data 
are set by shifting data to the JDR 704. 
If a series of processes are completed, the TEST-LOGIC- 

35 RESET state (S247) is entered after me SELECT- DR-SCAN 
state (S245) and the SELECT-IR-SCAN state (S246). 
thereby enabling the system logic to be normally performed 
Using a JTAO circuit, as described above, data can be set 
in a circuit such as a register in a system logic circuit, etc 

40 which is in a test state, or data can be read from a circuit such 
as a register in a system logic circuit, etc. However, the 
present invention is not limited to the application in a test 
state, but can be utilized in the above described processes 
using the JTAG circuit in normal operations. 

45 It is obvious that the JIR 703 for storing a command to 
control the system logic circuit and the JDR 704 for storing 
data used to control the system logic circuit can be shift 
registers or latch circuits comprising any bits. 

If a command requires no data, it can be executed using 
the JIR 703 only. 

According to the present invention, the SCI can be 
connected to each printed circuit board in the system testing 
device with five TAP signals only, thereby considerably 

5 5 reducing the number of connection lines. 

Conventionally required in the SCI are the JTAG scan 
interfaces for controlling a JTAG circuit and the command 
interfaces for issuing a command Among them, the com- 
mand interfaces are not required according to the present 

60 invention, thus reducing the scale of the SCI circuit. 
What is claimed is: 

1. A device for testing a system including an integrated 
circuit disposed on a board, connected to an interface to 
receive via a bus a scan test signal, the system further 
65 including test logic composing the device and system logic 
for performing normal operation of the system, the device 
being disposed on the board, and comprising: 
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storing means for. storing a command and data used to test 
the system logic: 

controlling means for selectively inpetting/outputting the 
command and data to said storing means; and 

command control means for receiving the command and 
data from said storing means, analyzing the command, 
transferring the command and data to the system logic 
of the system to be tested in accordance with a result of 
the analysis, and receiving data from the system logic 
to read out a state of the system logic as a result of a 
test. 

2. A device for testing a system including an integrated 
circuit disposed on a board, the system including a test logic 
circuit composing the device and a system logic circuit for 
performing normal operation of the integrated circuit, the 
device disposed on the board, comprising: 

a Joint Test Action Group (JTAG) circuit which comprises 
(a) a boundary scan register for capturing and storing a 
signal appearing at each terminal of the integrated 
circuit, (b) a bypass register for bypassing the signal to 
another integrated circuit (c) JTAG instruction storage 
means for storing a command to control a system logic 
circuit, (d) JTAG data storage means for storing data 
used in controlling the system logic circuit as data 
registers, (e) data register selecting means for selecting 
one of the data registers, (f) first switching means for 
switching each output from the data registers according 
to an instruction of the data register selecting means, 
(g) an instruction register latching the instruction and 
outputting the instruction to the data register selecting 
means, and (h) a test access port controller controlling 
the data registers, the data register selecting means, the 
first switching means, and the instruction register; 

command analyzing means for analyzing contents of the 
command output from the JTAG instruction storage 
means; and 

executing means for sending the command and data to the 
system logic circuit and receiving data from the system 
logic circuit as a result of a test of the system, in 
accordance with an analysis result obtained by the 
command analyzing means. 

3. The device according to claim 2. wherein said JTAG 
instruction storage means shifts and latches the command. 

4. The device according to claim 2, wherein the command 
is transferred from said JTAG instruction storage means to 
said command analyzing means when a state of test logic in 
said test access port controller changes to a command update 
state. 

5. The device according to claim 2. wherein said execut- 
ing means transfers data from a register in said system logic 
circuit to said JTAG data storage means. 

6. The device according to claim 5. wherein if the data are 
transferred from said register in the system logic circuit, said 
JTAG data storage means first latches the data after a 
transfer, and then shifts the data. 

7. The device according to claim 5. wherein the data are 
transferred from said register in the system logic circuit to 
said JTAG data storage means when a state of a test logic in 
said test access port controller changes to a data update state. 

8. The device according to claim 2. wherein said execut- 
ing means transfers the data from said JTAG data storage 
means to said register in the system logic circuit. 

9. The device according to claim 8. wherein if the data are 
transferred to said register in the system logic circuit, said 
JTAG data storage means transfers the data after shifting and 
latching the data. 
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10. The device according to claim 8. wherein the data are 
transferred from said JTAG data storage means to said 
register in the system logic circuit when a state of a test logic 
in said test access port controller changes to a data update 

5 state. 

11. A method for testing a system including an integrated 
circuit disposed on a board using a Joint Test Action Group 
(JTAG) circuit, the system including a system logic circuit 
to perform normal operation of the system and a test logic 

10 circuit to test the system logic circuit of the system, the 
method comprising: 
providing in a data register of the JTAG circuit a register 
for storing a command and data for use in controlling 
the system logic circuit; 
15 providing on the board a command control unit for 
analyzing the command and receiving a result of a test 
of the system logic circuit; 
receiving a test access port signal from an interface and 
selectively storing the command and the data in said 
20 register; and 

controlling a test of the system based on the stored 
command and the stored data. 

12. A method for resting a system including an integrated 
^ circuit disposed on a board using a Joint Test Action Group 

(JTAG) circuit, the system including a system logic circuit 
to perform normal operation of the system and a test logic 
circuit to test the system logic circuit of the system, the 
method comprising: 
30 providing in a data register of the JTAG circuit a register 
for storing a command and data for use in controlling 
the system logic circuit; 
providing on the board a command control unit for 
analyzing the command and receiving a result of a test 
55 of the system logic circuit; 

receiving a test access port signal from an interface and 
selectively storing the command and data in said reg- 
ister; and 

analyzing the command and writing the stored data in a 
40 predetermined system logic circuit if an analysis result 
indicates a command to write data in the system logic 
circuit. 

13. A method for testing a system including an integrated 
circuit disposed on a board using a Joint Test Action Group 

45 (JTAG) circuit, the system including a system logic circuit 
to perform normal operation of the system and a test logic 
circuit to test the system logic circuit of the system, the 
method comprising: 

providing in a data register of the JTAG circuit a register 
50 for storing a first command and data for use in con- 
trolling the system logic circuit; 
providing on the board a command control unit for 
analyzing the first command and receiving a result of a 
5J test of the system logic circuit; 

receiving a test access port signal from an interface and 
selectively storing the first command and data in said 
register 

analyzing the first command, and. after reading data from 
60 a predetermined system logic circuit, storing the data in 
the register if an analysis result indicates a second 
command to read data from the system logic circuit; 
and 

outputting the data stored in the register to the test access 
65 port signal. 

* * * » * 
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